ic regimes are characterized by correlation lengths shorter than the system size.
Given the complexity of these nonlinear regimes, statistical rather than deterministic methods have often been used for experimental characterization [2] [3] [4] . One of the simplest statistical measures is the time average of the fluctuating pattern. This quantity has not been studied carefully, perhaps because it was presumed to be featureless in relatively large chaotic systems, or because longterm averages are sometimes hard to obtain.
Motivated by a suggestion due to Golubitsky [5] , we have investigated the behavior of time averages of chaotic wave patterns produced by the Faraday instability in moderately large Auid layers [1] . We find that strikingly regular time-averaged patterns are produced well into the spatiotemporally chaotic regime. Their functional form is closely related to the product wave functions predicted near the wave onset (though with a diA'erent wave number), despite the large Auctuations present for strong excitation. Although the ordered time average would disappear for sufficiently large layers, the experiments show that the chaotic wave patterns have a high degree of phase rigidity. Possibly related phenomena include the persistence of Taylor vortices within turbulent TaylorCouette Aow [6] and the average properties of viscous fingering patterns [7] .
The experiments were performed primarily in a square container, with limited measurements in circular ones.
The square ce11 has horizontal side L~= 8 cm, is 2 cm high, and is half filled with n-butanol, a fluid that wets the Plexiglas sidewalls neatly. We refer to these boundary conditions as "wetting. " For some measurements, we have used "brim-full" or pinning boundary conditions [8] by installing a step in the cell; this reduces the interior dimensions to L2=6. [9] . The integration time of the CCD is su%cient to average the patterns over one or two fu11 cycles of the waves, which oscillate at half the driving frequency. (For low driving frequencies, additional digital averaging is needed after acquisition at 30 Hz. ) Because of a small optical asymmetry between the intensity fields generated at opposite phases of the standing waves, these images I(r, t) do not vanish. They are instead closely related [10] to the square of the spatial part of the surface displacement field g(r, t). They accurately reveal the symmetry and periodicity of the instantaneous waves, but with an apparent wavelength equal to exactly half the underlying fi'uid wavelength k. We refer to these as "instantaneous images, " though they are in fact averaged over one or two wave cycles, a time that is short compared to the time scale for local pattern fluctuations.
An example of such an instantaneous image I(r, t) in the chaotic regime is shown in Fig. 1(a) We characterize the instantaneous images by a onedimensional cut through the spatial autocorrelation function, averaged over a few images to improve the statistics.
This quantity [11] ,shown in Fig. 1(b Fig. 3 Measurements are shown for both brim-full and wetting boundary conditions. The brim-full case where the meniscus is pinned gives the larger amplitude, though both are well above the measurement noise.
In both cases, BA ", declines with increasing e, though rather large amplitudes are required to eliminate the structure in the average pattern. The rms amplitude of the average pattern is also frequency dependent. We find [ Fig. 3(b) 1 a pronounced periodicity in &I, , but not in firms Now we come to the problem of "pattern selection" in the chaotic regime. What is the wave number q of the averaged patterns? We measured it as a function of driving frequency, and the result is shown in Fig. 4(a) . We see that the averaged patterns exhibit finite size quantization; each step corresponds to a fixed integer number N of half wavelengths; several of these integers are noted in the figure. It is remarkable that this quantization effect is so strong in the behavior of the averaged chaotic patterns, despite the short correlation time for pattern rearrangements.
Furthermore, we note that the minima in BA,m, noted in Fig. 3(b) coincide with the transitions between steps in Fig. 4(a) . wave number to the value given by the dispersion relation is shown in Fig. 4(b) . It is close to unity, except for the distortion caused by "mode pulling" to the cavity.
Though this result q/k = 1.0 appears to be natural, it is in fact somewhat surprising. The analogy to patterns near onset (as suggested by the wave forms) leads us to expect the ratio J2q/k to be unity instead, since the wave numbers along x and y would be added in quadrature for a product wave form. Thus, the wave number selection does not match that expected for patterns near onset, nor should it necessarily be expected to do so.
We [12] . However, the two experiments should be compared with caution, as the fluid viscosities are very different.
In this study of some of the statistical properties of spatiotemporally chaotic Faraday waves, we found surprisingly ordered time-averaged patterns [ Fig. 2(a) 
